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Diagnostic accuracy studies: how to report and analyse
inconclusive test results
Failure to report inconclusive test results can lead to misleading conclusions regarding the accuracy
and clinical usefulness of a diagnostic tool. We show that these results are often overlooked in
research on test accuracy and provide guidance on suitable approaches to reporting and analysing
these problematic results.
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The results of studies on diagnostic test accuracy are often
reported as a 2×2 classification matrix, in which test results are
presented as a dichotomy and a reference standard is used to
categorise individuals as with or without disease. This facilitates
the calculation of many popular statistics used to summarise
the discriminatory performance of tests (such as sensitivity and
specificity, positive and negative likelihood ratios, and positive
and negative predictive values). Restricting test results to be
either positive or negative, however, fails to represent the reality
of how they are used in clinical practice1 ; in many cases, the
results from a given diagnostic test do not exclusively fall into
these “positive” and “negative” categories.
Although most test results provide useful information for
diagnostic decision making, there is often a subset of results
that are relatively uninformative and lead to an “inconclusive”
diagnostic outcome. For example, the “normal” range on a
standard biomarker is typically based on statistics that try to
minimise the number of false classifications. As most
biomarkers are far from perfect discriminators, however, results
that fall close to the lower and upper limits of “normality”
provide minimal information about the disease status of the
patient and are therefore “inconclusive.” In most cases
inconclusive test results require extra attention from clinicians,
such as repeating the test or using more costly (in terms of
invasiveness, time, and expense) diagnostic tools. All of these
outcomes, coupled with the inevitable delay in diagnosis and
clinical decision making, directly affect patient care.
In this paper we have focused on clinical scenarios in which
there are two disease categories—disease present and disease
absent—and discuss the reporting and analysis of inconclusive
results produced by a single index test—that is, the diagnostic
test under evaluation. Although this is a common scenario in
research on diagnostic test accuracy, this is often a simplification
of the actual clinical question. In practice, diagnostic tests are
often used to distinguish between multiple diseases or different
levels of severity, such as different staging in diagnosis of
cancer. Additionally, the diagnostic process might involve a
pathway of multiple tests rather than a single test.
Inconsistent reporting of inconclusive test
results in research on diagnostic accuracy
We wanted to explore whether inconclusive results are
consistently reported in diagnostic accuracy research. The
STARD (STAndards for the Reporting of Diagnostic accuracy
studies) statement—a reporting guideline encouraging high
quality reporting of diagnostic accuracy studies—recommends
that authors “report how indeterminate results, missing responses
and outliers of the index tests are handled.”2 The full STARD
guidance expands on this statement, advocating the reporting
of “uninterpretable, indeterminate, and intermediate results”
(item 22).We assessed systematic reviews to evaluate howwell
primary diagnostic accuracy studies adhere to this
recommendation (box).
Based on 1156 primary studies included in 22 systematic
reviews (published between 2005 and 2011), we found that only
a third (35%) of studies reported the presence or absence of
inconclusive results adequately, showing that these results are
not consistently reported in diagnostic accuracy research.3-24
The wide variation in the proportion of studies that were
adherent between reviews could indicate that there was some
reviewer subjectivity in the interpretation of the STARD item
and how they defined adherence. As the reviews assessed studies
based on all the STARD items (25 in total), there was little
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Adherence to STARD
MethodsWe searched Embase and Medline using the term “STARD” [All fields] to identify systematic reviews assessing adherence to
the STARD statement.
Results Twenty two systematic reviews met the inclusion criteria, comprising 1156 primary diagnostic accuracy studies. Based on
reported adherence in the systematic reviews, only 35% (400/1156) of diagnostic accuracy studies explicitly reported uninterpretable,
indeterminate, intermediate, and missing results. There was a wide variation in adherence across systematic reviews (range 0-66%),
indicating that there was inconsistency in the quality of reporting in different clinical areas and/or the reviewers’ interpretation of the
STARD statement.
Conclusion Inconclusive results in diagnostic accuracy studies are not consistently reported, with around a third of studies fully complying
with item 22 of the STARD statement (see appendix 1 and 2 for full details of methods and table of results).
discussion by the authors about the specific criteria used to
define “adherence” to each item, though most of the systematic
reviews usedmore than one reviewer to assess reporting quality.
QUADAS—a tool for assessing the quality of diagnostic
accuracy studies included in systematic reviews—asks reviewers
to check that “uninterpretable, indeterminate or intermediate
test results” are reported.25 In a recent evaluation of QUADAS,
authors of Cochrane reviews reported that this recommendation
was difficult to apply because of confusion about the
applicability to particular diagnostic tests. They also noted
important issues surrounding reliability between raters.26
These findings support the need to clarify the importance of
inconclusive results and provide clear guidance to researchers
on how to handle these results when reporting and analysing
diagnostic accuracy studies.
Defining inconclusive results
Types of inconclusive test results
Simel and colleagues outlined three main types of “non-positive,
non-negative” results27:
• Uninterpretable results: those that “do not meet the
minimum criteria constituting an adequate test”
• Intermediate test results: those that “confer a likelihood
ratio for disease that is more than that conferred by a
negative result, but less than that of a positive test”
• Indeterminate test results: those that add no additional
diagnostic information to the original probability of disease.
In technical terms, this is a test result with a likelihood
ratio of about 1, meaning that knowledge of the test result
does not alter the probability of disease.
In reported studies, however, the distinction between the
different types of results is often lost, and the terms are used
interchangeably—see, for example, the studies by Kamath and
colleagues,28Glaser and colleagues,29 and Ayad and colleagues.30
We have provided some clarity on methods for reporting and
analysing inconclusive index test results in diagnostic accuracy
studies. To facilitate this, we firstly differentiated between
inconclusive results that are invalid (that is, the key diagnostic
feature is uninterpretable or the actual result is missing) and
those that are valid (that is, where an adequate test result has
been obtained, but the result is not clearly positive or negative).
This distinction affects how inconclusive test results should be
reported and analysed (fig 1⇓).
Invalid inconclusive results
Uninterpretable andmissing index test results
A test result is “uninterpretable” when the key diagnostic feature
of the result is either missing, obstructed, or of questionable
validity because of an inadequate test procedure (table 1⇓ shows
some clinical examples). In some cases, uninterpretable results
occur because the test was not conducted to an acceptable
standard (such as a cervical smear test carried out with poor
sampling technique or a contaminated urine culture), and in
others it could be because a clinical feature of the patient
hampers the interpretation of the test (such as an uninterpretable
cervical smear because of concurrent infection or a retrocaecally
positioned appendix resulting in difficult visualisation on
ultrasonography). Invalid inconclusive test results are caused
by an intrinsic property of the test (an objective quality) rather
than the relative importance of false positive and false negative
results. In contrast, missing results occur when a patient should
have been included in a study but no test result is recorded.
Missing results are often handled in a similar way to
uninterpretable results.
In the presence of uninterpretable and missing results, it is vital
to consider the underlying reasons.32 If the occurrence of the
result is not influenced by the presence or absence of disease,
such as the accidental contamination of a urine culture with skin
bacteria, then the test can often simply be repeated. In some
cases, however, the presence of an uninterpretable result can be
informative—it increases or decreases the probability of
disease—despite not being categorised as a positive or negative
result.32 For example, by exploring the possible causes of
uninterpretable results in the evaluation of the accuracy of two
dimensional transthoracic echocardiography for determining
aortic valve structure, Ayad and colleagues identified a relation
between the valve weight (from calcification) and whether the
image could be interpreted.30
Valid inconclusive results
The ways in which valid inconclusive results should be reported
and analysed depends on the measurement scale of the test:
results can be continuous, categorical, or ordinal in nature.
Continuous inconclusive index test results
Inconclusive results can occur for index tests measured on a
continuous test scale (such as biochemical assays) (table 2⇓
gives examples). They typically lie in the range of values where
the distributions of abnormal values and normal values overlap
(fig 2⇓), although the degree to which they encompass this
region of uncertainty depends on the relative implications of
false positive and false negative test outcomes. These results
are valid index test results, and the same result should be
obtained if the test is repeated (putting aside random
measurement error and temporal changes).
Categorical/ordinal inconclusive index test
results
Inconclusive results can also occur when test results are
categorised into groups according to characteristics rather than
continuous values. For categorical tests, inconclusive results
can occur when some results cannot be placed in either the
positive or negative categories (table 3⇓ gives examples). For
ordinal tests (such as symptom scores), there are often multiple
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ordered categories of result, where the middle
category/categories do not provide sufficient evidence regarding
the presence or absence of disease. As with a continuous
inconclusive result, categorical and ordinal inconclusive results
are valid test outcomes, and repeating the test should produce
another inconclusive result (barring variability within the patient
and progression of disease over time).
How to report inconclusive results
Valid inconclusive results
To improve reporting of inconclusive results, the standard 2×2
classification matrix can be extended to a 3×2 matrix.1 27 Simel
and colleagues proposed that intermediate, indeterminate, and
uninterpretable results should be grouped together to form a
row of “uncertain” or “inconclusive” results.27 We propose that
the classification table should be limited to valid test results
(table 4⇓).
Continuous inconclusive test results
For index tests on a continuous test scale, “rule in” and “rule
out” thresholds can be selected, leaving a range of valid
inconclusive test values.39 In some cases, a richer interpretation
of accuracy is required and the test scale is partitioned into
multiple (more than three) categories. Either way, the number
of patients with positive and negative test results for a disease
in each category should be cross tabulated, with extra rows to
account for any additional categories. A full description of how
and when thresholds have been selected should be included in
the methods section.
In addition to the classification table, it is essential to show the
distribution of the raw test results, stratified by disease status
(determined by the reference standard). Possible graphical
options include paired histograms, dot plots, or cumulative
distribution graphs. Addition of the thresholds and colour coding
to plots can help readers understand where cut offs have been
placed (fig 3⇓).
Categorical/ordinal inconclusive test results
For categorical and ordinal index tests, the number of patients
in each category should be reported and broken down by
presence or absence of the target condition. For ordinal tests
with a large number of categories (such as questionnaire scores),
it might be sensible to group some of the categories for the
classification table. If this is the case, it is still important to
report a cross tabulation or plot of the frequencies in each
original category and explain how the category groupings were
determined.
Invalid inconclusive results
Reporting uninterpretable and missing
inconclusive test results
Although uninterpretable and missing results are often not
directly related to test accuracy, they are still an essential
consideration in the evaluation of the overall clinical utility of
the test. Uninterpretable and missing results should be reported
separately from the cross tabulation of valid results by disease
status, in addition to any known underlying causes, so that the
reader can assess whether they hold any diagnostic value. Clear
reporting and discussion of whether these results are related to
the patient’s disease status, the presence of an alternative target
condition, or assumed to be unrelated to patient health enables
transparency in how these results should be handled.
The STARD statement recommends that a flowchart of
participants at each stage of the study is reported.2 Inclusion of
all inconclusive results in this chart greatly enhances the
transparency of test performance (see fig 4⇓ for an example).
The number of participants meeting the eligibility criteria
(intention to diagnose) should feature in the flow diagram.
Supplementary information such as the causes of uninterpretable
or missing results should be reported separately.
How to analyse inconclusive test results
Inconclusive results can be difficult to analyse given that many
statistics used to summarise the accuracy of diagnostic tests
require the test results to be split into two groups. There is no
single “optimal” approach to analysing inconclusive results;
diagnostic accuracy should always be analysed in line with how
the test will be used in clinical practice.
When exploring different testing strategies for the diagnosis of
bladder cancer, Blick and colleagues reported both invalid
(uninterpretable) and valid inconclusive results from computed
tomography urography.40 They excluded from the analyses the
uninterpretable results that were caused by technical failures
(five of 747) as they were found to be unrelated to disease status,
but the causes and frequencies of these technical failures were
still fully reported. If the occurrence of uninterpretable results
had been found to be associated with the presence or absence
of bladder cancer, exclusion of these results might not have
been appropriate.
For valid inconclusive results, there are three common
approaches to analysing categorical and ordinal inconclusive
results. To illustrate these methods, we have used results from
Blick’s study assessing the accuracy of computed tomography
(CT) urography for diagnosing bladder cancer (table 5⇓).40 It is
important to note that, although not reported in this section for
brevity, confidence intervals are a vital consideration in the
interpretation of accuracy statistics. Methods for analysis of
tests on continuous scales with valid inconclusive results are
discussed at the end of this section.
Scenario 1: Exclude valid inconclusive results
completely
An unfortunately common approach to dealing with this type
of valid but inconclusive result is to exclude them completely
from all analyses.27 There are few instances where this can be
justified, and this approach can lead to overstated summary
statistics and promotion of suboptimal test strategies.
For the CT urography data,40 if the valid inconclusive results
(15% of patient data) had simply been excluded this would have
resulted in a sensitivity and specificity of 94% and 100% and
a positive and negative predictive value of 99% and 98%,
respectively. This would have artificially inflated the accuracy
of the test to near perfect accuracy, resulting in flawed
interpretation.
Scenario 2: Exclude valid inconclusive results
from binary statistics but report an additional
summary statistic that accounts for them
Another method is to exclude valid inconclusive results from
accuracy statistics such as sensitivity and specificity, but report
an additional statistic that takes into account the presence of
inconclusive results.
One example is the percentage of the test results included in the
calculation of the binary summary statistics, often referred to
as the “test yield.”27 If the test yield is much below 100%, then
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the reader should be aware that test results have been excluded.
In the bladder cancer study, the “test yield” statistic would have
been 85% if the 111 valid inconclusive results had been wrongly
excluded.
An alternative is to provide the number of correct classifications
as a percentage of the total number of test results (including
valid inconclusive test results), known as “effectiveness.”41 If
the percentage of valid inconclusive results is large, the
effectiveness of the test will provide a more conservative
estimate than the commonly used but flawed “accuracy” statistic
that excludes inconclusive results. The “effectiveness” of CT
urography in the bladder cancer example including valid
inconclusive results is 84%, compared with 99% if the
inconclusive results are excluded.
The risk of simply providing an additional statistic to account
for inconclusive results is that readers might struggle to interpret
such unfamiliar statistics and interpret only the more popular
accuracy measures, such as sensitivity and specificity.
Furthermore, these additional statistics are not typically included
in meta-analyses, where usually only the sensitivity and
specificity are analysed.
Scenario 3: Group valid inconclusive results
with positive or negative results
Oneway of overcoming the issue of analysing valid inconclusive
results is to group them with either the positive or negative
results, depending on how these patients would be treated in
the clinical context. In their evaluation of different roles for CT
urography in diagnosis of bladder cancer, Blick and colleagues
assessed accuracy of CT urography as a replacement test for
flexible cystoscopy. In this context, because of the high clinical
cost of missing a cancer diagnosis, inconclusive CT urography
results should be grouped with positive results, as clinically
these patients would still have to undergo rigid cystoscopy.40
As a replacement test, CT urography has a sensitivity and
specificity of 95% and 83% and a positive and negative
predictive value of 58% and 98%, respectively. The positive
predictive value is notably lower when valid inconclusive results
are included in the analyses (58% v 99%), which gives a much
more realistic representation of the true accuracy of the test.
Grouping valid inconclusive results with either the positive or
negative test results can cause considerable differences in the
summaries of test performance.27 32 42 Often this is reported as
a secondary (or sensitivity) analysis. Subhas and colleagues
adopted this approach when they assessed the accuracy of
magnetic resonance imaging to diagnose meniscal tears,43
showing that the specificity of the five point grading scale
dropped from 94% to 47% depending on which grades were
considered positive. This makes the discriminatory performance
of the test completely transparent to the reader.
Analysis of continuous inconclusive test
results
Any categorisation of a continuous test scale results in a loss
of information.44 45The dichotomisation of continuous test scales,
however, has become commonplace to make it easier for
clinicians to interpret test results in the context of the clinical
problem. For multivariate diagnostic prediction models, it has
been strongly argued that the categorisation of continuous test
scales (which are included as predictors in the model) is simply
a waste of information because the predicted probability of
disease is the key diagnostic outcome.45 For the interpretation
of results from a single continuous diagnostic test, however,
some categorisation is usually helpful.
Several studies have found that moving away from the
dichotomous partition of quantitative test scales and identifying
intermediate range(s) of test results has enabled a better
understanding of the diagnostic accuracy potential of a test.34 46
Multi-level or stratum specific likelihood ratios have been
proposed as a preferable way of summarising the performance
of tests on a quantitative test scale. Allowance for multiple
ranges of a test result retains more diagnostic information,38 47-49
and the results are less susceptible to spectrum bias.50
Conclusion
Reporting and analysis of inconclusive test results have been
relatively neglected in diagnostic accuracy studies. We
encourage researchers and clinicians to clearly report all
inconclusive results, broken down by the reference standard
when possible. Complete transparency regarding the handling
of inconclusive results in the analysis phase is essential for the
reader to understand how key summary statistics have been
derived. A well reported diagnostic accuracy study will allow
readers to fully understand if and how inconclusive results were
incorporated into analyses and provide them with sufficient
information to recalculate key statistics if they disagree with
the approach adopted by the author.
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Tables
Table 1| Clinical examples of uninterpretable results
Examples of uninterpretable test resultsDiagnostic scenario
No endocervical cells could be observed, possibly because of inflammation or poor sampling
technique31
Cervical smear test for evidence of cervical cancer
Echocardiogram is uninterpretable because of heavy calcification and/or poor image quality30Two dimensional echocardiography for determining aortic valve
structure
Contaminated with bacterial overgrowth in sample delayed in transport to laboratoryUrine culture
Inability to visualise appendix with ultrasonography because of retrocaecal positionUltrasonography
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Table 2| Clinical examples of continuous inconclusive index test results
Examples of continuous inconclusive test resultsDiagnostic scenario
No heart failure: 0-167 ng/L; inconclusive result: 167-462 ng/L; heart failure: 462-5000
ng/L
Brain natriuretic peptide (BNP) for diagnosis of heart failure in patients with
acute dyspnoea33
No sepsis: <0.5 µg/L; inconclusive result: 0.5-20 µg/L; sepsis: >20 µg/LProcalcitonin for diagnosis of early onset neonatal sepsis34
Monitor annually: eGFR ≥60; inconclusive result: eGFR 30-59; refer: eGFR <30Management of patients with diabetes in primary care with chronic kidney
disease using eGFR
eGFR=estimated glomerular filtration rate.
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Table 3| Clinical examples of categorical and ordinal inconclusive index test results
Examples of categorical and ordinal inconclusive test resultsDiagnostic scenario
Detected lesion that cannot be characterised as metastatic or non-metastatic based on imaging
scan35
Imaging for cancer staging
Cytological features that are overlapping and cannot clearly be distinguished as benign or
malignant36
Thyroid nodule evaluation with fine needle aspiration biopsy
Tests that have one or more protein bands but do not meet criteria for positive result37Western blot test for HIV infection
Low chance of mental disorder: scores <4; intermediate chance of mental disorder: scores 4-6;
high chance of mental disorder: scores 7-1238
Ordinal: General Health Questionnaire-12 as screening tool for
mental health disorders in primary care
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Table 4| Proposed 3×2 classification table, with allowance for reporting of valid inconclusive test results
Disease status
Test result Disease absentDisease present
False positiveTrue positivePositive
Disease absent but valid inconclusive resultDisease present but valid inconclusive resultValid inconclusive
True negativeFalse negativeNegative
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Table 5| Classification table of CT urography results40
Presence of bladder cancer
Result Cancer absentCancer present
1130Positive
10110Valid inconclusive
4978Negative
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Figures
Fig 1 Flowchart of index test results distinguishing between valid and invalid inconclusive index test results
Fig 2 Inconclusive range for continuous test where two underlying distributions of test results overlap
Fig 3 Dot plot for continuous index test with thresholds (hypothetical data)
Fig 4 Example flowchart for reporting results from diagnostic accuracy study of quantitative index test (hypothetical data)
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